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METHOD FOR CONTROLLING AN
AMOUNT OF FUEL AND VEHICLE
INCLUDING SAME

TECHNICAL FIELD

A vehicle includes an engine, a controller, and first and
second fuel 1injectors. The controller 1s configured to facili-
tate operation of the first and second fuel 1njectors to provide
an enriched air-fuel mixture.

BACKGROUND

Conventionally, when an engine 1s started, a controller
can facilitate dispensation of an enriched air-fuel mixture to
cylinders of the engine.

SUMMARY

In accordance with one embodiment, a method 1s pro-
vided for operating a vehicular engine that comprises a
plurality of pistons and a plurality of cylinders. The method
comprises detecting an engine temperature and detecting an
alcohol concentration of fuel. The method further comprises
selecting an amount of fuel according to the engine tem-
perature and the alcohol concentration and selectively dis-
pensing the amount of fuel to the cylinders.

In accordance with another embodiment, a method 1is
provided for operating a vehicular engine that comprises a
plurality of pistons and a plurality of cylinders. The method
comprises detecting an engine temperature and detecting an
alcohol concentration of fuel. The method further comprises
providing a predetermined fuel enrichment map that defines
a relationship between a fuel enrichment coeflicient and an
engine temperature for a range ol engine timing events. The
method still further comprises determining a fuel enrichment
coellicient from the predetermined fuel enrichment map and
operating fuel injectors according to the calculated tuel
enrichment coeflicient.

In accordance with yet another embodiment, a vehicle
comprises an engine and a controller. The engine comprises
an 1ntake manifold, a cylinder bank, a crankshatt, a plurality
of Tuel 1njectors, an engine temperature sensor, a crankshaft
position sensor, and an alcohol sensor. The intake manifold
1s 1n fluid communication with an ambient air source. The
cylinder bank 1s 1n fluid communication with an output of
the intake manifold and comprises a plurality of pistons and
a plurality of cylinders. The crankshaift 1s coupled with each
of the pistons. The plurality of fuel injectors are coupled
with the cylinder bank and are operable to dispense fuel to
the cylinders. The engine temperature sensor 1s configured to
detect an engine temperature. The crankshatt position sensor
1s configured to detect at least one top center event and to
generate an event signal for each top dead center event. The
alcohol sensor 1s configured to detect an alcohol concentra-
tion of fuel. The controller 1s electrically coupled with the
plurality of fuel 1njectors, the engine temperature sensor, the
engine timing sensor, and the alcohol sensor. The controller
comprises a predetermined fuel enrichment map. The con-
troller 1s configured to facilitate operation of the fuel 1njec-
tors to selectively dispense an amount of fuel according to
the engine temperature and the alcohol concentration of fuel.

BRIEF DESCRIPTION OF THE DRAWINGS

Various embodiments will become better understood with
regard to the following description, appended claims, and
accompanying drawings wherein:
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FIG. 1 1s a perspective view depicting a vehicle that
includes an engine;

FIG. 2 1s a schematic view depicting the engine of FIG.
1 having a first fuel i1njector and a second fuel injector
associated with respective first and second cylinders;

FIG. 3 1s a block diagram depicting a controller in
clectrical communication with the engine;

FIG. 4 1s a graph depicting the relationship between a fuel
enrichment coeflicient (KFE) and an engine temperature for
a range of top dead center events (TDCe); and

FIG. 5 depicts a control routine for a controller 1n accor-
dance with one embodiment.

DETAILED DESCRIPTION

Embodiments are hereinafter described in detail 1n con-
nection with the views of FIGS. 1-5, wherein like numbers
indicate the same or corresponding elements throughout the
views. An engine 1n accordance with one embodiment can
be provided 1n a vehicle such as, for example, an automo-
bile, a recreational vehicle, a utility vehicle, or a water craft.
In one embodiment, and as depicted 1n FIG. 1, a vehicle 10
can include an engine 12 that 1s provided within an engine
compartment 14. The vehicle 10 can comprise a drivetrain
(not shown) that couples the engine 12 with one or more
wheels (e.g., 18) of the vehicle. The drivetrain can be
coupled to the engine 12 such that power from the engine 12
can be transmitted through the drivetrain to the wheels 18 to
propel the vehicle 10.

As 1llustrated 1n FIG. 2, the engine 12 can comprise an
intake manifold 20, a first cylinder bank 22, and a second
cylinder bank 24. In one embodiment, the intake mamiold
20 can include a flow passage 26 that permits ambient air to
enter the intake manifold 20. An air filter 28 can be coupled
with the flow passage 26 to facilitate filtering of the ambient
air entering the mtake manifold 20. As illustrated 1n FIG. 2,
the first and second cylinder banks 22, 24 can include
respective first and second cylinders 30, 32. Although the
first and second cylinder banks 22, 24 are described herein
with respect to individual first and second cylinders 30, 32,
it will be appreciated that the first and second cylinder banks
22, 24 can each include a plurality of first and second
cylinders that are similar 1n many respects to the respective
first and second cylinders 30, 32 shown in FIG. 2 and
described below. In one embodiment, the first and second
cylinder banks 22, 24 can include three first cylinders 30 and
three second cylinders 32 such that the engine 12 comprises
a six-cylinder engine (e.g., a V-6). In other embodiments, the
engine 12 can comprise a V-4, V-8, V-10, or a V-12. It will
also be appreciated that the components and features of the
first and second cylinder banks 22, 24 that are described
below and which accommodate the individual first and
second cylinders 30, 32 can be implemented for all first and
second cylinders of the first and second cylinder banks 22,
24.

A first piston 34 can be disposed at least partially within
the first cylinder 30 and a second piston 36 can be disposed
at least partially within the second cylinder 32. The first and
second pistons 34, 36 can be coupled with a crankshait 38
via respective connecting rods 40, 42. Movement of the first
and second pistons 34, 36 within the first and second
cylinders 30, 32 can rotate the crankshait 38. One end of the
crankshaft 38 can be coupled to a crankshait pulley (not
shown). A belt or other suitable flexible transmitter (e.g., a
chain) can couple various other components to the crank-
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shaft 38 to facilitate powering of the components by the
crankshaft 38. The other end of the crankshaft 38 can be
coupled with the drivetrain.

As 1illustrated n FIG. 3, the first and second cylinder
banks 22, 24 can include respective first and second valve
bodies 44, 46. The first valve body 44 can define an intake
port 48 and an exhaust port 30 that are in fluid communi-
cation with the first cylinder 30. An intake valve 52 and an
exhaust valve 34 can be associated with the intake port 48
and the exhaust port 50, respectively. The intake valve 52
can be movable between an opened position and a closed
position (closed position shown i FIG. 2) to {facilitate
selective transmission of fluid from the intake port 48 into
the first cylinder 30. The exhaust valve 54 can be movable
between an opened position and a closed position (opened
position shown 1n FIG. 2) to facilitate selective transmission
of fluid from the first cylinder 30 to the exhaust port 50. The
intake and exhaust valves 52, 54 can be movable between
their respective opened and closed positions through opera-

tion of a camshaift (not shown) that can be coupled with the
crankshaft 38 (e.g., with a belt).

The second valve body 46 of the second cylinder bank 24
can be similar 1n many respects to the first valve body 44, but
instead associated with the second cylinder 32. For example,
the second valve body 46 can define an intake port 36 and
an exhaust port 58 that are 1n fluid communication with the
second cylinder 32. An intake valve 60 and an exhaust valve
62 can be associated with the intake port 56 and the exhaust
port 38, respectively. The intake and exhaust valves 60, 62
can be movable between respective opened and closed
positions through operation of a camshait (not shown) that
can be coupled with the crankshaft 38 (e.g., with a belt).

The engine 12 can include a fuel delivery system that 1s
associated with the first and second cylinders 30, 32. The
tuel delivery system can be operable to supply fuel to the
first and second cylinders 30, 32, respectively. The engine 12
can also 1nclude first and second spark plugs 64, 66 that can
be operable to 1gnite fuel supplied to the first and second
cylinders 30, 32, respectively. In one embodiment, as 1llus-
trated 1n FIG. 2, the fuel delivery system can include first
and second fuel injectors 68, 70. The first and second tuel
injectors 68, 70 can be coupled with a tuel rail that 1s 1n fluid
communication with the vehicle’s fuel system (e.g., tuel
pump). The first fuel injector 68 can be coupled with the first
valve body 44 such that it 1s associated with the intake port
48.

The first spark plug 64 can be coupled with the first valve
body 44 such that the first spark plug 64 extends at least
partially 1nto the first cylinder 30. With the intake valve 52
opened and the exhaust valve 54 closed, the first fuel 1injector
68 can supply fuel (e.g., gasoline) to the first cylinder 30.
Once the intake valve 52 closes, the first spark plug 64 can
ignite the fuel to facilitate downward movement of the first
piston 34 which results in rotation of the crankshait 38. The
exhaust valve 54 can then open to permit exhaust fluid to
discharge through the exhaust port 50 (e.g., during an
exhaust stroke of the first piston 34). The second spark plug
66 and the second fuel ijector 70 can be similar in many
respects to the first spark plug 64 and the first fuel injector
68, but associated with the second cylinder 32. In other
embodiments, the fuel system and the spark plugs can be
provided 1n any of a variety of suitable alternative configu-
rations that facilitate supply and 1gnition of tuel for cylinders
of an engine. For example, the fuel system can alternatively
comprise a carburetor. It will be appreciated that fuel 1n a
cylinder can alternatively be 1gnited without an 1gnition
device such as through compression (e.g., a diesel engine).
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As 1llustrated 1n FIG. 3, a controller 72 can be associated
with the engine 12. The controller 72 can comprise an engine
control unit (ECU), a power-train control module (PCM), an
engine control module (ECM), or any of a variety of suitable
alternative controllers for controlling operation of the engine
12. The controller 72 can be electrically coupled with the
first and second spark plugs 64, 66 and the first and second
tuel 1njectors 68, 70. During operation of the engine 12, the
controller 72 can facilitate operation of the first and second
spark plugs 64, 66 and the first and second fuel injectors 68,
70 to facilitate combustion of fuel within the first and second
cylinders 30, 32.

Operation of the first and second fuel injectors 68, 70 can
dispense fuel to the first and second cylinders 30, 32,
respectively. When fuel 1s present within the first and second
cylinders 30, 32, the controller 72 can actuate the first and
second spark plugs 64, 66 (¢.g., during respective compres-
s1on strokes of the first and second pistons 34, 36) to 1gnite
the fuel. The controller 72 can control the 1gnition timing of
the first and second spark plugs 64, 66 to facilitate eflective
combustion of the fuel within the first and second cylinders
30, 32.

In one embodiment, the controller 72 can facilitate opera-
tion of the first and second spark plugs 64, 66 according to
the position of the first and second pistons 34, 36. In such an
embodiment, the controller 72 can be coupled with a crank-
shaft position sensor 74. During operation of the engine 12,
the controller 72 can detect the position of the first and
second pistons 34, 36 as a function of the position of the
crankshaft 38 and, when the position of the first and second
pistons 34, 36 1s approprate for ignition (e.g., 12 degrees
from top dead center), the controller 72 can actuate the
respective first and second spark plugs 64, 66 to ignite the
tuel within the respective first and second cylmders 30, 32.
It will be appreciated that the controller 72 can control the
ignition timing of the first and second spark plugs 64, 66 to
achieve eflective fuel efliciency, engine power, and/or
engine longevity, for example.

The controller 72 can also control the amount of fuel
dispensed from the first and second fuel 1njectors 68, 70 to
tacilitate eflective combustion of the fuel within the first and
second cylinders 30, 32. In one embodiment, the first and
second fuel mjectors 68, 70 can comprise pulse-width actu-
ated tuel mjectors. In such an embodiment, the controller 72
can control the height and width of a signal pulse to the first
and second fuel mjectors 68, 70 to control the amount of fuel
dispensed to the first and second pistons 34, 36, respectively.
In another embodiment, the first and second fuel 1njectors
68, 70 can comprise variable orifice fuel injectors. In such an
embodiment, the controller 72 can control the orifice size of
cach of the first and second fuel 1injectors 68, 70 to control
the amount of fuel dispensed to the first and second cylinders
30, 32, respectively.

The amount of fuel dispensed from the first and second
fuel 1njectors can be controlled to achieve an appropriate
air-fuel mixture during operation of the engine 12. In one
embodiment, the controller 72 can control the amount of fuel
dispensed from the first and second fuel 1njectors 68, 70 to
achieve a nominal air-fuel mixture (e.g., an air to fuel ratio
of about 14.7 to 1). Operation of the engine 12 at the nominal
air-fuel mixture can facilitate eflective combustion of fuel
within the first and second cyllnders 30, 32 and can accord-
mgly achieve eflective fuel e 1c1ency,, engine power, and/or
engine longevity, for the engine 12. When the rotational
speed of the engine 12 changes, the controller 72 can change
the amount of fuel accordingly to maintain the nominal
air-fuel mixture. For example, as the engine throttle 1s
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increased, the controller 72 can increase the amount of the
tuel that 1s dispensed from the first and second fuel 1njectors
68, 70 to maintain the nominal air-fuel mixture.

When the engine 12 1s started, such as when a user
operates an 1gnition switch, the controller 72 can control the
amount of fuel dispensed from the first and second fuel
injectors to provide an enriched air-fuel mixture to the first
and second cylinders 30, 32 (e.g., a start fuel enrichment
strategy). The enriched air-fuel mixture can continue to be
provided to the first and second cylinders 30, 32 immedi-
ately after starting of the engine 12 (e.g., during operation of
the engine 12). The enriched air-fuel mixture can have a
lower air-to-fuel ratio than the nominal air-fuel mixture
which can facilitate eflective operation of the engine 12
during startup and immediately after engine startup. For
example, the enriched air-fuel mixture can burn at a higher
temperature than a nominal air-fuel mixture which can
reduce the efects of cold starting the engine 12 (e.g., stalling
and/or stuttering). However, continuous operation of the
engine 12 with the enriched air-fuel mixture can aflect
overall operation of the engine 12. Therefore, once the
engine 12 1s started, the controller 72 can gradually reduce
the amount of fuel dispensed from the first and second fuel
injectors 68, 70 until the nominal air-fuel mixture 1is
achieved.

In one embodiment, when the engine 12 1s started, the
controller 72 can facilitate dispensation of an initial amount
of fuel from the first and second fuel injectors 68, 70 and can
reduce subsequent amounts of fuel according to an event
signal and until the nominal air-fuel mixture 1s achieved. For
example, the crankshaft position sensor 74 can be config-
ured to generate an event signal that indicates a top dead
center (IDC) event for the first and second cylinders 36, 38.
Each time the top dead center event occurs, the controller 72
can reduce the amount of the fuel 1n response to the event
signal. In one embodiment, the crankshaft position sensor 74
can be configured to generate an event signal when each one
of the first and second cylinders 36, 38 reaches TDC. In
another embodiment, the crankshaft position sensor 74 can
be configured to generate an event signal when only one of
the cylinders (e.g., 36, 38) reaches TDC (e.g., an engine
TDC). Although the event signal 1s described with respect to
a crankshaft position sensor, it will be appreciated that the
controller can reduce the amount of fuel i response to an
event signal from any of a variety of suitable alternative
engine timing sensors.

In one embodiment, the controller 72 can select the 1nitial
amount of fuel for the enriched air-fuel mixture according to
an engine temperature and an alcohol concentration of the
tuel. In such an embodiment, the 1nitial amount of fuel for
the startup air-fuel mixture can be 1inversely proportional to
the engine temperature and/or proportional to the alcohol
concentration of the fuel to eflectively overcome the effects
of cold starting the engine 12.

As 1llustrated 1n FIG. 3, the controller 72 can be electri-
cally coupled with an engine temperature sensor 76 that 1s
configured to detect a temperature of the engine 12. In one
embodiment, the engine temperature sensor 76 can comprise
a coolant sensor that 1s 1 fluid communication with a
cooling system of the engine 12. In such an embodiment, the
engine temperature sensor can detect the temperature of
coolant (e.g., ethylene glycol). In another embodiment, the
engine temperature sensor 76 can comprise an inirared-type
sensor that can indirectly measure the temperature of the
cooling system or other vehicle component with an infrared
signal. In other embodiments, the engine temperature sensor
76 can comprise any of a variety of other suitable tempera-
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ture sensors for measuring a coolant temperature or vehicle
condition indicative of engine temperature (e.g., engine
block temperature).

As 1llustrated 1n FIG. 3, the controller 72 can also be
coupled with an alcohol concentration sensor 78. The alco-
hol concentration sensor 78 can be configured to detect an
alcohol concentration of the fuel (KAC), such as, for
example, to detect the ethanol amount in an ethanol-gasoline
fuel blend (e.g., E10, E20, E40, E60, or E85). In one
embodiment, the alcohol concentration sensor 78 can com-
prise an alcohol detector that 1s 1 fluid communication with
the fuel system of the engine 12. In another embodiment, the
alcohol concentration sensor 78 can be implemented as
on-board alcohol detection software loaded on the controller
72. In such an embodiment, the controller 72 can detect the
alcohol concentration of the fuel (KAC) from a variety of
vehicular conditions and without any need for a physical
sensor. In other embodiments, the alcohol concentration
sensor 78 can comprise any ol a variety of suitable devices
for detecting an alcohol concentration of fuel.

In one embodiment, when the engine 12 i1s started, the
controller 72 can control the amount of fuel dispensed from
the first and second fuel injectors 68, 70 for the enriched
air-fuel mixture according to a fuel enrichment map. The
fuel enrichment map can provide a plurality of fuel enrich-
ment coell

icients (KFE). The amount of fuel dispensed from
the first and second fuel injectors 68, 70 for the enriched
air-fuel mixture can be controlled according to the value of
the fuel enrichment coetflicients (KFE). For example, when
the fuel enrichment coethicient (KFE) 1s equal to 1, the
amount of fuel dispensed from the first and second fuel
injectors 68, 70 can be controlled to achieve a nominal
air-fuel mixture. When the fuel enrichment coefl

icient
(KFE) 1s greater than 1, the amount of fuel dispensed from
the first and second fuel imjectors 68, 70 can achieve an
enriched air-fuel mixture. When the fuel enrichment coet-
ficient (KFE) 1s less than 1, the amount of fuel dispensed
from the first and second fuel injectors 68, 70 can achieve a
lean air-fuel mixture. It will be appreciated that the amount
of Tuel dispensed from the first and second fuel 1njectors 68,
70 for the enriched and lean air-fuel mixtures can be
proportional to the magnitude of the fuel enrichment coet-
ficient (KFE) (1.e., the air-to-fuel ratio 1s inversely propor-
tional to the magnltude of the fuel enrichment coeflicient
(KFE)).

As 1llustrated 1n FIG. 4, the fuel enrichment map can
define a relatlonshlp between the fuel enrichment coeflicient
(KFE) and the engine temperature for a range of top dead
center events (TDCe). As will be described in further detail
below, the fuel enrichment map can correspond to the
detected alcohol concentration. When the engine 12 1is
started, the controller 72 can detect the engine temperature
(e.g., from the engine temperature sensor 76). The controller
72 can select an 1nitial fuel enrichment coeflicient (KFE)
based upon the engine temperature for a TDCe value of 1.
When the first top dead center event 1s detected, the con-
troller 72 can facilitate dispensation of an initial amount of
tuel for the enriched air-fuel mixture according to the mitial
fuel enrichment coeflicient (KFE). As the engine 12 contin-
ues to operate, the controller 72 can reduce the amount of
tuel for the enriched air-fuel mixture according to the fuel
enrichment map. For example, each time a TDC event
occurs, the controller can select a new value for the fuel

enrichment coeflicient (KFE) until the fuel enrichment coet-
ficient (KFE) reaches a threshold value (e.g., KFE=1). When
the fuel enrichment coeflicient (KFE) reaches the threshold

value, the amount of fuel dispensed from the first and second
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tuel 1njectors 68, 70 can facilitate operation of the engine 12
at the nominal air-fuel ratio, as described above. It will be
appreciated that use of a fuel enrichment map as described
above can provide variability and selectability that may not
be possible with conventional start fuel enrichment strate-
gies.

In one embodiment, the controller 72 can detect an 1nitial
engine temperature when the engine 12 1s started. In such an
embodiment, the controller 72 can select the values of the
tuel enrichment coethicient (KFE) from the fuel enrichment
map according to the imitial engine temperature. In another
embodiment, the controller 72 can continually detect the
engine temperature once the engine 12 1s started. In such an
embodiment, the controller 72 can select each value of the
tuel enrichment coeflicient (KFE) from the fuel enrichment
map according to the current engine temperature.

It will be appreciated that, when the value of the fuel
enrichment coethcient (KFE) 1s greater than one, the con-
troller 72 can facilitate an increase to the amount of fuel
dispensed from the first and second fuel injectors 68, 70
relative to a nominal fuel amount. For example, the amount
of fuel dispensed by the first and second fuel injectors 68, 70
1s calculated by multiplying a nominal fuel amount (e.g., the
amount of fuel that 1s dispensed to achieve a nominal air-fuel
mixture) by the fuel enrichment coeflicient (KFE). In one
embodiment, the nominal fuel amount can be the amount of
tuel that 1s dispensed to the first and second cylinders 30, 32
to achieve eflective 1dling of the engine 12 at the nominal
air-fuel ratio (e.g., about 20 cubic centimeters (cc) of fuel).

In one embodiment, the amount of fuel delivered from the
first and second fuel injectors 68, 70 (Fuel.,..,,) can be
calculated from the following expression:

Fuelgn g =Fuelyorana XKFEXK 4arpenT

where Fuel, ., 15 the nominal fuel amount and
K, imrerr 18 an ambient correction factor. The ambient
correction factor K ,, =2+ Can accommodate for any of a
variety of ambient conditions that can affect fuel delivery
such as ambient temperature, atmospheric pressure and/or
humidity, for example.

In one embodiment, as shown 1n FIG. 3, the controller 72
can include a memory device 80. The memory device 80 can
be configured to store the fuel enrichment map as a lookup
table or any of a variety of other data structures. It will be
appreciated that the fuel enrichment map can be predefined
by an operator or a vehicle’s manufacturer, and/or might
alternatively change dynamically as a function of a pre-
defined algorithm.

In one embodiment, a plurality of fuel enrichment maps
can be stored upon the memory device 80. Each enrichment
map can be specific to a particular alcohol fuel concentration
of the fuel (KAC). For example, a five predefined fuel
enrichment maps can be stored upon the memory device 80.
The first predefined fuel enrichment map can be specific to
an alcohol fuel concentration (KAC) of 0% (e.g., EO fuel).
The second predefined fuel enrichment map can be specific
to an alcohol fuel concentration (KAC) of 10% (e.g., E10
tuel). The third predefined fuel enrichment map can be
specific to an alcohol fuel concentration (KAC) o1 40% (e.g.,
E40 fuel). The fourth predefined fuel enrichment map can be
specific to an alcohol fuel concentration (KAC) of 60% (e.g.,
E60 fuel). The fifth predefined fuel enrichment map can be
specific to an alcohol tuel concentration (KAC) o1 85% (e.g.,
E85 fuel). In such an embodiment, when the engine 12 is
started, the controller 72 can detect the alcohol concentration
of the fuel (KAC). It will be appreciated that in other

embodiments, more than five fuel enrichment maps or less
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than five fuel enrichment maps can be provided with each
map being associated with any of a vanety of alcohol
concentrations.

The controller 72 can select from among the plurality of
predefined fuel enrichment maps based upon the detected
alcohol concentration of the fuel (KAC). It the alcohol fuel
concentration (KAC) of the fuel does not substantially
match (e.g., within 5%) the alcohol fuel concentration
(KAC) of one of the predefined fuel enrichment maps, the
controller 72 can be configured to interpolate a fuel enrich-
ment map from the predefined fuel enrichment maps. For
example, 1f the detected alcohol concentration of the fuel
(KAC) 15 about 30%, the controller 72 can be configured to
interpolate a fuel enrichment map from the second and third
predefined fuel enrichment maps.

One embodiment of a control routine implemented by the
controller 72 1s generally illustrated 1n FIG. 5. A user can
initiate starting of the vehicle 10 (100). The controller 72 can
detect the detected alcohol concentration of the fuel (KAC)
(105). If a predetermined fuel enrichment map exists for the
detected alcohol concentration of the fuel (KAC), the con-
troller 72 detects the engine temperature (120). If a prede-
termined fuel enrichment map does not exist for the detected
alcohol concentration of the fuel (KAC), the controller 72
interpolates a fuel enrichment map for the detected alcohol
concentration of the fuel (KAC) (115) before detecting the
engine temperature (120). Once the 1mmitial TDC event 1s
detected (1235), the controller 72 can calculate the fuel
enrichment coetlicient (KFE) from the fuel enrichment map
(130). If the fuel enrichment coeflicient (KFE) 1s greater
than 1, the controller 72 can facilitate operation of the fuel
injectors (e.g., 68, 70) according to the fuel enrichment
coellicient (KFE) (135). When the next TDC event (145)
occurs, the TDC value can be mncremented (150) and the
controller 72 can calculate a new fuel enrichment coetlicient
(KFE) from the fuel enrichment map (130). When the fuel
enrichment coeflicient (KFE) reaches a value of 1, the
amount of fuel dispensed from the first and second fuel
injectors 68, 70 can provide operation of the engine 12 at the
nominal air-fuel ratio (155).

While various embodiments of a vehicle and a method for
operating a vehicular engine have been 1llustrated by the
foregoing description and have been described 1n consider-
able detail, 1t 1s not intended to restrict or 1n anyway limit the
scope of the appended claims to such detail. Additional
modifications will be readily apparent to those skilled 1n the
art. It 1s hereby intended that the scope of the invention be
defined by the claims appended hereto.

What 1s claimed 1s:

1. A method for operating a vehicular engine that com-
prises a plurality of pistons and a plurality of cylinders, the
method comprising:

detecting an engine temperature;

detecting an alcohol concentration of fuel;

selecting an amount of fuel according to the engine

temperature and the alcohol concentration;

detecting each occurrence of a top dead center event of at

least one of the cylinders;

providing a predetermined fuel enrichment map that

defines a relationship, using three-dimensional plots, of
a plurality of fuel enrichment coeflicients, a plurality of
engine temperatures, and a plurality of occurrences of
top dead center events;

selecting one of the plurality of fuel enrichment coetli-

cients based on each of:
one of the plurality of engine temperatures that corre-
sponds to the detected engine temperature,
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the detected alcohol concentration of the fuel, and

one of the plurality of occurrences of the top dead
center events that corresponds to an event value
indicative of the detected occurrence of the top dead
center event;,

determining an injection amount of fuel by multiplying

the selected amount of fuel and the selected fuel
enrichment coethicient; and

selectively dispensing the amount of fuel to the cylinders

according to the injection amount of fuel.

2. The method of claim 1, wherein

the selecting one of the plurality of fuel enrichment

coellicients includes generating an event signal that 1s
indicative of the value of the detected occurrence of the
top dead center event, and

the selectively dispensing the amount of fuel includes

reducing the amount of fuel 1n response to the event
signal.

3. The method of claim 2 wherein reducing the amount of
tuel 1n response to the event signal further comprises reduc-
ing the amount of fuel according to the fuel enrichment map.

4. The method of claim 3 wherein reducing the amount of
tuel according to the fuel enrichment map further comprises
interpolating the fuel enrichment map from a plurality of
predetermined fuel enrichment maps.

5. The method of claim 4 further comprising:

selecting the predetermined fuel enrichment maps accord-

ing to the alcohol concentration; and

interpolating the fuel enrichment map according to the

alcohol concentration.

6. The method of claim 1, further comprising:

the selecting one of the plurality of fuel enrichment

coellicients 1includes generating a top dead center tim-

ing event signal that 1s indicative of the value of the

detected occurrence of the top dead center event,

wherein selecting the amount of fuel according to the

engine temperature and the alcohol concentration fur-

ther comprises:

selecting an mitial amount of fuel according to the
selected fuel enrichment coeflicient; and

reducing subsequent amounts of fuel 1n response to the
top dead center timing event signal.

7. The method of claim 6 further comprising:

generating an i1nitial event signal that indicates engine

startup; and

selecting the initial amount of fuel 1n response to the

initial event signal.

8. The method of claim 7 further comprising reducing
subsequent amounts of fuel until the amount of fuel reaches
a threshold value.

9. A method for operating a vehicular engine that com-
prises a plurality of pistons and a plurality of cylinders, the
method comprising:

detecting an engine temperature;

detecting an alcohol concentration of fuel;

selecting an amount of fuel according to the engine

temperature and the alcohol concentration;

detecting each occurrence of a top dead center event of at

least one of the cylinders;

providing a predetermined fuel enrichment map that

defines a relationship, using three dimensional plots,
between a plurality of fuel enrichment coetlicients, a
plurality of engine temperatures, and a plurality of
occurrences of top dead center events;

determining one of the fuel enrichment coeflicients from

the predetermined fuel enrichment map based on each

of:
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one of the plurality of engine temperatures that corre-
sponds to the detected engine temperature,

the detected alcohol concentration of the fuel, and

one of the plurality of occurrences of the top dead
center events that corresponds to an event value
indicative of the detected top dead center event;

selecting an amount of fuel according to the detected

engine temperature and the detected alcohol concen-

tration;

determining an injection amount of fuel by multiplying
the selected amount of fuel and the selected fuel
enrichment coeflicient; and

operating fuel injectors according to the injection amount
of fuel.

10. The method of claim 9 further comprising detecting an

initial engine timing event, and

wherein operating fuel injectors according to the injection
amount of fuel further comprises operating the fuel
injectors according to the injection amount of fuel upon
detection of the imitial engine timing event.

11. The method of claim 9 wherein providing a predeter-
mined fuel enrichment map further comprises providing a
plurality of predetermined fuel enrichment maps, each pre-
determined fuel enrichment map being associated with an
alcohol concentration value.

12. The method of claim 11 wherein providing a prede-
termined fuel enrichment map further comprises interpolat-
ing a fuel enrichment map from the plurality of predeter-
mined fuel enrichment maps according to the detected
alcohol concentration and wherein determining a fuel
enrichment coeflicient further comprises determining a tuel
enrichment coeflicient from the interpolated fuel enrichment
map.

13. The method of claim 10 wherein determining a fuel
enrichment coeflicient from the predetermined fuel enrich-
ment map further comprises determining an initial fuel
enrichment coeflicient from the predetermined fuel enrich-
ment map and wherein operating the fuel 1injectors according
to the mjection amount of fuel turther comprises operating,
the fuel 1njectors according to the mitial fuel enrichment
coellicient.

14. The method of claim 13 further comprising reducing
the mitial fuel enrichment coeflicient according to the pre-
determined fuel enrichment map.

15. The method of claim 13 wherein determining a fuel
enrichment coeflicient from the fuel enrichment map further
comprises determining subsequent fuel enrichment coetl-
cients from the predetermined fuel enrichment map and
wherein operating the fuel mjectors according to the injec-
tion amount of fuel further comprises operating the fuel
injectors according to the subsequent fuel enrichment coet-
ficients.

16. A vehicle comprising:

an engine comprising:
an intake manifold in fluild communication with an

ambient air source;

a cylinder bank 1n fluid communication with an output of
the intake manifold and comprising a plurality of
pistons and a plurality of cylinders;

a crankshaft coupled with each of the pistons;

a plurality of fuel injectors coupled with the cylinder
bank and operable to dispense fuel to the cylinders;

an engine temperature sensor configured to detect an
engine temperature;
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a crankshait position sensor configured to detect at least
one top dead center event and to generate an event
signal for each occurrence of the top dead center
event; and

an alcohol sensor configured to detect an alcohol con-
centration of fuel; and

a controller including a memory device, and electrically
coupled with the plurality of fuel injectors, the engine
temperature sensor, the engine crankshatt position sen-

sor, and the alcohol sensor, the controller comprising a

predetermined fuel enrichment map,

wherein the controller 1s configured with a predetermined
fuel enrichment map that defines a relationship, using
three-dimensional plots, of a plurality of fuel enrich-
ment coetlicients, a plurality of engine temperatures,
and a plurality of occurrences of top dead center events,
and

wherein the controller 1s configured to:

select one of the plurality of fuel enrichment coefli-
cients based on each of:
one of the plurality of engine temperatures that

corresponds to the detected engine temperature,
the detected alcohol concentration of the fuel, and
one of the plurality of occurrences of top dead center

events that corresponds to a value of the event
signal,
select an amount of fuel according to the detected
engine temperature and the detected alcohol concen-
tration;
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determine an ijection amount of fuel by multiplying
the selected amount of fuel and the selected fuel

enrichment coethicient; and

operate the fuel injectors to selectively dispense an
amount of fuel according to the 1njection amount of

fuel.

17. The vehicle of claim 16 wherein the controller 1s
configured to reduce the amount of fuel 1n response to the
event signal and according to the predetermined fuel enrich-
ment map.

18. The vehicle of claim 16 wherein the controller further
comprises a plurality of predetermined fuel enrichment
maps, the controller being configured to interpolate a fuel
enrichment map from the plurality of predetermined fuel
enrichment maps according to the alcohol concentration.

19. The vehicle of claim 16 wherein the engine tempera-
ture sensor comprises a coolant temperature sensor.

20. The vehicle of claim 16 wherein the controller is
coniigured to:

determine an ambient correction factor based on at least
one of ambient temperature, atmospheric pressure, and
humidity; and

determine the 1njection amount of fuel by multiplying the

selected amount of fuel, the selected fuel enrichment
coeflicient, and an ambient correction factor.

G o e = x
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